ITTLE surgical experience in the treatment of giant fusiform intracranial aneurysms has been reported, as noted in a recent extensive review by Chen and Zabramski.
From our own experience, we believe that most giant aneurysms result from the growth of smaller saccular aneurysms. The majority retain a saccular character even though their point of origin may be widely incorporated into the base of large sacs. The rarer fusiform variety of giant aneurysms arises from a pathological change in, and expansion of, the entire circumference of the arterial wall and involves a considerable length of the artery. The expansion may be concentric, but frequently it protrudes outward on one side or another. The beginning of the aneurysm is not related to the origin of a branch artery. In several of our cases, it was difficult to be sure that what appeared to be a fusiform aneurysm with a large bulge did not have a saccular origin. Whenever there was doubt, the case was left in the saccular group; however, whenever branches were observed to arise from the aneurysm between the vessel of origin and its terminal branches, the diagnosis of fusiform aneurysm was definitive. When fusiform aneurysms reach giant size, they are pathologically indistinguishable from giant saccular aneurysms.
Fusiform aneurysms may be caused by disorders of collagen and elastin, infections, dissection, and, very rarely, neoplastic invasion of the arterial wall. In this series, only three patients were found to have a specific cause: 1) a 21-year-old woman with a fusiform carotid A 1 and M 1 aneurysm had systemic lupus erythematosus; 2) a 12-yearold boy with X chromosome-linked lymphoproliferative disease and a fusiform basilar bifurcation aneurysm was shown to have diffuse cerebral arterial polyarteritis at autopsy; and 3) a 54-year-old woman had a documented enlarging dissection of a superior cerebellar artery (SCA). In six cases, the aneurysms occurred in patients with atherosclerosis. In the remaining 111 patients with giant fusiform aneurysms, etiology could not be determined. These aneurysms presented in patients of much younger age (Table 1) than those with atherosclerotic aneurysms and had a slight male predominance (58 male:53 female). The frequency of occurrence of these giant fusiform intracranial aneurysms at each of the major sites varied widely, rarely involving the intracranial carotid artery and most often involving the basilar trunk and posterior cerebral artery (PCA). This distribution may well reflect only the referral bias in this group of patients, but it indicates that certain intracranial arterial segments may be more vulnerable to this disorder (Table 2) .
Only half of the patients with giant fusiform aneurysms presented with mass effect, although another 20 had headache as their only symptom. Unheralded subarachnoid hemorrhage (SAH) occurred in 20 patients (17%). Three supratentorial aneurysms caused seizures and five middle cerebral artery (MCA) aneurysms clearly caused thromboembolic transient ischemic attacks (TIAs). One aneurysm was discovered incidentally after a minor head injury (Table 3) .
We remain unsure of the pathogenesis of a separate serpentine group, most of which in our experience merely represent a tortuous channel persisting through a massively thrombosed larger fusiform aneurysm. 2, 5, 6 Treatment of giant fusiform intracranial aneurysms is confounded by the multitude of small perforating vessels and occasionally large branches that arise from the sac and are usually vital to deep brain perfusion, such as lenticulostriate and thalamostriate perforating vessels, and basilar and vertebral perforating arteries. These may be occluded with successful obliteration of the fusiform sac by thrombosis beyond a proximal Hunterian occlusion or trapping, the most effective and often the only treatment.
Although proximal occlusion of the parent artery almost invariably causes complete obliterative thrombosis of the aneurysm, its safety depends on the presence or addition of two collateral circulations: one for the arterial territory of the major branches arising from the end of the aneurysm (leptomeningeal collateral circulation) and one for the arterial territory of the smaller branches arising from the aneurysm itself, which irrigate the basal ganglia or brainstem. The extent and role of these collateral circulations, except those of the circle of Willis or those manufactured by extracranial-intracranial arterial (EC-IC) bypass, have been astonishing and were formerly unknown to us.
Historically, the S-shaped atherosclerotic aneurysm of the vertebrobasilar (VB) system in a patient suffering from hypertensive arteriopathy has been known as the classic form of giant fusiform aneurysms. It accounts for the majority of the reported cases and occurs most often in geriatric men. Our surgical series includes only six arising from this etiology: one MCA, three basilar, one VB junction, and one vertebral artery aneurysm ( Table 1) . The results of their treatment should be considered separately because of their unique features, including specific systemic cause and the usual involvement of the whole length and circumference of the specific artery. In these cases, mass effect is less dominant, rupture is rare, and the aneurysms tend to present with recurrent thrombosis and thromboembolism, most often involving the smaller vessels arising from the diseased artery.
Review of Cases and Treatment
All of the aneurysms included in this study (Table 4) are depicted by angiographic tracings and are placed in the Appendix according to type and chronological order from 1965 to 1992. The extent of preoperative mural thrombosis is shaded. Only incomplete postoperative thrombosis is recorded; otherwise thrombosis was complete or nearly so-a few millimeters of filling distal from the retrograde flow. Most of these fusiform aneurysms have been included, without special distinction, in two recent publications carotid artery  178  6  3  MCA  54  12  22  ACA  19  5  26  basilar bifurcation  136  4  3  SCA  55  1  2  basilar trunk  56  29  52  VB junction  38  9  24  vertebral artery  39  15  38  P 1  39  13  33  P 2  27  17  63  totals  641  111 NA † * Of unknown etiology; excludes six patients with atherosclerosis, three with specific causes, and 82 with petrous and cavernous aneurysms.
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Giant Fusiform Carotid Aneurysms
Seven of the 179 intracranial giant carotid aneurysms were obviously fusiform. All seven were treated by proximal occlusion of the internal carotid artery (ICA): one using a clamp and six using two occlusive balloons each, which were inflated and detached in the petrous and cavernous segments of the artery. Good cross flow existed in two patients, but an EC-IC bypass was used in the others, although the single interposed vein graft thrombosed without sequelae in one patient.
All the aneurysms underwent complete thrombotic occlusion with excellent results, even though the origins of the posterior communicating artery (PCoA) and the anterior choroidal arteries must have been occluded, as well as the anterior thalamostriate perforating vessels in the five aneurysms that involved the carotid bifurcation.
Giant Middle Cerebral Fusiform Aneurysms
Thirteen of 55 giant MCA aneurysms were deemed to have a fusiform origin; one of these was atherosclerotic. A variety of methods were used in their treatment.
Wrapping (Three Patients). Good outcome over 10 years in one case followed incomplete muslin wrapping of a hard atheromatous enlargement of the whole MCA and the TIAs caused by its thromboembolism were abolished by a concomitant EC-IC bypass. Wrapping was unsatisfactory in the other two patients. In the first man, aged 36 years, the aneurysm was wrapped in mersaline strips. One month later the patient underwent an EC-IC bypass and tourniquet occlusion of the MCA. However, brain swelling precluded successful completion of the bypass and the bone flap had to be removed. One month later the aneurysm ruptured while the patient was at home, resulting in disabling paralysis. The other patient, a 16-year-old boy who was already severely hemiparetic and --saccule clipped  1  1  ---wrapped  2  2  ---single vertebral artery occlusion  1  -1  --bilat vertebral artery occlusion  3  1  --2  basilar artery stenosis  tourniquet  3  2  --1  basilar artery occlusion  tourniquet  2  1  --1  clip  15  11  3  -1  trapped  4  1  -1  2  totals  32  20  4  1  7   giant fusiform VB junction aneurysms  single vertebral occlusion  6  2  1  -3  bilat  2  2  ---trapped  2  1  --1  totals  10  5  1  -4   giant fusiform vertebral artery aneurysms  vertebral artery occlusion  extracranial  clamp  1  -1  --clip  2  2  ---balloon  2  -2  --intracranial  clip  9  1  3  3  2  totals  14  3  6  3  2   giant fusiform PICA aneurysms  trapped  2  1  1  --totals  2  1  1  -- segments were accomplished by creating a tunnel using the openings of fenestrated clips placed side by side while the blades occluded the sac beyond. Both patients had undergone preliminary EC-IC bypasses. The first reconstruction was performed during temporary trapping of the aneurysm after normothermia had been induced. The second surgery was performed in a man who was intolerant of tourniquet occlusion of the proximal M 1 and exhibited perseveration, anomia, and confusion after 3 hours. Reconstruction of this patient's aneurysm was performed after circulatory arrest had been induced and the patient had been placed on cardiopulmonary bypass at 18˚C. Both patients experienced prolonged good outcomes in spite of some concern that the abnormal arterial wall between the fenestrations might somehow enlarge again.
Occlusion (Five Patients) . Terminal ICA clip occlusion allowed evacuation of a huge MCA aneurysm with no discernible circulation beyond it. The patient had undergone surgical exploration 6 years before when an EC-IC bypass had been abandoned because no satisfactory M 2 branch could be found in his very tight brain. He was readmitted with solid hemiplegia and aphasia and intractable headache caused by the aneurysm, which had enlarged to 8 cm. There has been a modest improvement in this patient's hemiplegia and dysphasia, and he has become a successful artist.
Occlusion of the M 1 segment was attempted in four patients after EC-IC bypass using clip occlusion in one case and a tourniquet in the others. Proximal M 1 clipping in an 8-year-old with a small branchless accessory M 1 was uneventful despite occlusion of the interposed vein graft, which was only recognized later on follow-up angiography. Complete tourniquet occlusion was accomplished in one other patient, aged 19 years, who was also found to have a failed bypass. Both had complete thrombosis of their aneurysms and excellent outcomes because of a luxuriant leptomeningeal collateral circulation from the anterior and posterior cerebral arteries, which filled the M 2 branches retrogradely to the aneurysm sites (Fig. 1) . A third fusiform aneurysm had a small proximal saccule from which the lenticulostriate arteries arose. A deliberate severe tourniquet stenosis of M 1 just proximal to this saccule was used to permit flow into these vessels. Initially a channel persisted through the fresh clot in the aneurysm but then complete thrombosis occurred beyond the saccule 2 weeks later; this patient continues to have an excellent outcome. The only fatality occurred in a 46-year-old woman who was unable to tolerate complete M 1 tourniquet occlusion and developed hemiplegia and aphasia 4 hours later in spite of a good bypass. No recovery was achieved after opening the tourniquet; however, there was a severe M 1 stenosis beyond the tourniquet site, possibly from a dissection. This patient's previously intact aneurysm ruptured massively 2 days later.
It is noteworthy that in two patients, aged 8 and 19 years, the EC-IC bypasses (one interposed vein graft and one superficial temporal artery, respectively) were found to be occluded when tourniquet closure of M 1 was accomplished. Neither patient developed any persisting deficit because of a luxuriant leptomeningeal collateral circulation from the anterior and posterior cerebral territories, which filled the MCA circulation retrogradely, even back in the M 2 branches to the region of the aneurysms (Fig. 1) . Trapping (One Patient). Trapping was used in a 64-yearold man who was dysphasic and hemiparetic. Following mere application of the tourniquet after a bypass was completed, he became hemiplegic and remained in this condition after trapping and evacuation of the huge aneurysm to relieve mass effect. It is believed that his lenticulostriate infarction resulted from initial manipulations made during application of the tourniquet, because the bypass functioned well.
Overall good or excellent outcome was achieved in only eight (62%) of the 13 patients. However, all of the patients with poor outcomes had significant hemiparesis preoperatively that was worsened by operation in two cases (one in which the aneurysm was wrapped and one in which it was trapped). The operative morbidity rate, including the single death from rupture of a previously intact aneurysm, was 23%. 
Giant Fusiform Anterior Cerebral Aneurysms
Five of the 19 giant anterior cerebral artery (ACA) aneurysms were obviously fusiform. Three clearly involved only the A 2 segment, but two seemed to arise in the terminal A 1 portion of the ACA. Each case was unique in that the ACA involved was isolated; no anterior communicating cross flow could be demonstrated from the opposite side in one case because a surgeon had somehow clipped the communicating artery while attempting to clip the aneurysm. This meant that for proximal occlusion, the ACA territory would be entirely dependent on leptomeningeal collateral vessels.
In the first case, that of a 25-year-old man who was nearly blind due to chiasmal compression, a tourniquet was used to occlude the distal right A 1 segment. When no sequelae ensued, the A 1 was clipped, the tourniquet removed, and the thrombosed aneurysm evacuated. Angiography revealed an extensive network of leptomeningeal collateral vessels from the middle and posterior cerebral circulations, even filling the pericallosal and callosal marginal vessels retrogradely. Spectacular recovery of vision occurred in this patient. The tourniquet was used successfully to occlude A 2 in two other cases. In each case there was the same generous network of leptomeningeal collateral vessels coursing to the A 2 territory (Fig. 2) . With this favorable experience in mind, clip occlusion of A 1 and A 2 was used in two additional cases. Complete thrombotic occlusion of the aneurysms occurred uneventfully in all patients. The single bad outcome was in a 32-year-old man with intractable headache whose computerized tomography (CT) scan showed extensive bifrontal edema around the A 2 aneurysm. Anticipating exacerbation of the edema, a tourniquet was applied to the right A 2 and the bone flap was removed for decompression. Twenty-four hours after occlusion of the A 2 segment massive bifrontal edema occurred, leaving the patient in a persistent vegetative state. In retrospect, the aneurysm probably should have been trapped and evacuated in the first instance to relieve the mass effect, venous compression, and promotion of the edema. We have also speculated that endovascular balloon occlusion of the artery would have avoided operative manipulation and its aggravation of the edema.
The extent of the leptomeningeal collateral circulation to the ACA, at least when it gives rise to an aneurysm, is truly remarkable; it occurred in all four patients who exhibited good results on postoperative studies. It was hitherto unknown to us.
Giant Fusiform Basilar Bifurcation Aneurysms
Only five of 136 giant basilar bifurcation aneurysms were fusiform. The origin of the SCAs, as well as the P 1 segments, arose from the aneurysm in all cases and there was fear of bilateral cerebellar infarction after basilar artery occlusion, even though the PCoAs might perfuse the distribution of the basilar bifurcation. One aneurysm was only explored when it was found to be embedded in the interpeduncular substance, making dissection for clipping the sac above the superior cerebellar origins appear too dangerous. In another similar aneurysm, a clip could be placed over the right ruptured loculus and then across the sac incompletely below the P 1 origins. After being well for 2.5 years, this patient succumbed to rebleeding, presumably from the dome of the sac.
Three patients were treated with basilar artery occlusion that produced the only good long-term survival in this group even though the whole basilar bifurcation was thrombosed. One fatal rebleeding occurred 2 years later in a 12-year-old boy with X chromosome-linked lymphoproliferative disease and diffuse polyarteritis who had developed fusiform aneurysms of both the carotid artery and the MCA, one of which had ruptured. The other poor outcome resulted from midbrain and thalamic infarction when the single large right PCoA failed to fill the basilar bifurcation through the partially thrombosed P 1 portion of the aneurysm.
Giant Fusiform SCA Aneurysms (Two Patients)
Both of these aneurysms arose from, and were restricted to, the SCA. The aneurysm in the first patient was almost certainly an enlarging dissection. Trapping and evacuation resulted in devastating midbrain and cerebellar infarction and this patient is now confined to a wheelchair. In the second case the aneurysm was thought to be saccular and arising from the basilar artery at the origin of the SCA. Its fusiform nature was discovered at surgery, when the aneurysm ruptured at its origin while the surgeons attempted to define its neck. Even so, the patient appeared well for a day after the SCA origin was clipped, but deteriorated as a result of a postoperative extradural clot. Although the clot was evacuated, the patient died. Moreover, postoperative angiography revealed that the right P 1 appeared to be deformed and occluded by the tip of the Scoville clip. The massive temporal lobe swelling after evacuation of the clot was believed to be due to infarction in the anterior territory of the PCA.
Occlusion of the SCA is fraught with great hazard. Of 10 patients with nongiant basilar SCA aneurysms in whom the SCA was occluded or trapped near its origin, deliberately or inadvertently, only four escaped devastating midbrain and cerebellar infarction; two died and four remained severely disabled.
Giant Fusiform Basilar Trunk Aneurysms
The majority (32 cases) of giant basilar trunk aneurysms were fusiform. The various methods of treatment and outcomes are summarized in Table 4 .
An attempt at interposing a vein graft to the P 2 segment prior to basilar artery occlusion was abandoned in the case of a 43-year-old man because of dense arachnoiditis located over the tentorium and around the brainstem, which had been caused by infection from a previous craniotomy. The patient died from bleeding 2 years later.
A ruptured saccule rising from a fusiform dilation of the middle basilar artery in a 43-year-old woman was able to be clipped with an excellent outcome after evacuation of subdural empyema.
Two aneurysms were wrapped. In the first case, that of a 15-year-old girl, a ruptured basilar trunk aneurysm was virtually encased in plastic. The girl had a giant carotid cavernous aneurysm as well. Six months later, the basilar aneurysm had enlarged but the carotid aneurysm had spontaneously thrombosed completely. After an episode in which the patient suffered from headache, dysarthria, and ataxia, we advised additional exploratory surgery; however, a preliminary angiogram revealed that the basilar aneurysm had also been obliterated by spontaneous thrombosis. The patient has remained well for nearly 30 years with only one carotid artery irrigating her cerebral hemispheres and upper brainstem. Clipping of a large loculus in a 10-year-old boy was abandoned when its dense adherence in the pons made further dissection unsafe. After incomplete gauze and plastic wrapping, the patient achieved an excellent outcome, which has persisted over 25 years.
Single vertebral artery clamp occlusion in the neck was used in a 52-year-old woman whose aneurysm was thought to be atherosclerotic. The patient's other vertebral artery ended in the posterior inferior cerebellar artery (PICA). Although there was faint refilling of the vertebral artery above the clamp from deep cervical collateral vessels, the aneurysm was no longer visualized. The patient's long-term good survival of 25 years has cast doubt on the aneurysm's having an atherosclerotic origin.
Bilateral vertebral artery occlusion in three patients resulted in only one good outcome. In one 48-year-old man, hemiplegia occurred 3 hours after the second occlusion and resolved on opening the cervical clamp. Nevertheless, the patient became unresponsive 1 day later due to massive but incomplete thrombosis of the aneurysm, which produced brainstem infarction and death 2 weeks later. In the case of a 57-year-old man, the aneurysm had an atherosclerotic origin that had caused a severe stepwise brainstem syndrome. The patient deteriorated and died after bilateral intracranial vertebral artery occlusions and partial evacuation of the aneurysm.
In three patients, severe basilar artery stenosis was created by application of the tourniquet: in two because of intolerance of complete occlusion above the anterior inferior cerebellar arteries (AICAs) and in one because the snare had to be placed below the AICAs. One of the patients who was intolerant suffered a fatal hemorrhage 5 hours later from a previously intact aneurysm. In the other two cases, which exhibited excellent outcomes, thrombosis was complete except for a narrow channel through the thrombus filling one SCA above in one case and the basilar artery slightly above in the other.
Seventeen patients were treated by lower basilar artery occlusion, 15 by clipping, and two by application of the tourniquet in cases in which the posterior communicating collateral vessel seemed marginal. Both deaths in this group of patients were the result of bleeding. In the first case, death was caused when closing the snare tore the basilar artery, probably at the site of a dissection produced by practice occlusions made during the operation. The second death occurred from rupture of a previously intact aneurysm 1 day postoperatively because the clip did not completely occlude the basilar artery. That there were no poor results deserves comment because three patients, a 15-year-old girl, a 23-year-old woman, and a 7-yearold girl, were devastated postoperatively with hemiplegia or quadriplegia and bulbar palsy, presumably caused by brainstem ischemia. These patients' rehabilitation periods were prolonged over several years but each made an astonishing recovery to active unimpeded life at school or at home looking after their families. The patients' youth must have been a factor in permitting the initial areas of ischemia to contract to much smaller or absent infarctions. Unfortunately, the first patient recently died after an attempt to repair an additional fusiform carotid aneurysm was made at another institution.
Thrombotic occlusion of the aneurysm was complete in all but one of the survivors. In that exception, the basilar artery had been clipped below the AICAs, but remarkable PICA-AICA collateral circulation partially filled the aneurysm retrogradely.
Trapping was used in four patients in whom evacuation to relieve mass effect seemed necessary for severe brainstem compression syndromes. Only one patient, a 16-year-old boy, had an excellent outcome. In two other patients, trapping procedures were performed to no avail during cardiopulmonary bypass after deep hypothermia had been induced. Both AICAs in one 59-year-old woman were occluded by the thrombosed aneurysm. A 54-yearold woman continued to suffer from partial locked-in syndrome even though only the upper third of the basilar artery below the SCAs was trapped after evacuation of the sac. The last patient, whose aneurysm was clearly atherosclerotic, developed locked-in syndrome after temporary bilateral vertebral occlusion and did not survive trapping and aspiration of the aneurysm during a second operation.
Giant Fusiform VB Junction Aneurysms
Ten of 38 giant VB junction aneurysms were believed to have a fusiform origin. It was surprising and disappointing that only three of six single vertebral artery aneurysm occlusions resulted in good outcomes even though the other vertebral artery joined the basilar artery. One 61-year-old woman who suffered from severe atherosclerosis developed spinal hemiplegia due to retrograde thrombosis of the left vertebral artery that extended downward to C-6. A 36-year-old man developed massive thrombosis of the sac and the VB junction, which produced fatal brainstem infarction. In a 47-year-old man, the intact aneurysm ruptured twice after surgical clipping of one vertebral artery; death occurred before a planned cervical occlusion of the other vertebral artery.
Both cases of bilateral vertebral artery aneurysm occlusions had excellent outcomes, even though the VB junctions and lower basilar arteries became occluded with complete thrombosis of the aneurysm.
The aneurysms in two patients with severe brainstem compression syndromes were trapped after bilateral vertebral artery occlusions. The aneurysm in one 23-year-old woman could be opened and evacuated and she recovered completely. One feature of this case was significant backbleeding into the interior of the opened aneurysm, the source of which was found to be the orifices of the AICAs, which had to be plugged with muscle for hemostasis and collapse of the sac. The other patient, a 44-year-old man, developed bulbar and left hemiparesis after the second vertebral artery occlusion. The origin of similar bleeding from the open, trapped aneurysm could not be found after a prolonged search, and he did not survive the unrelieved mass effect after suture closure of the opening in the sac.
Giant Fusiform Vertebral Artery and PICA Aneurysms
The only case in which clamp occlusion of one vertebral artery aneurysm in the neck was performed proved to be unsatisfactory in that the upper third of the aneurysm filled retrogradely from the other vertebral artery. After temporary improvement, the patient's hemiparesis gradually worsened 1 year later caused by an enlarged aneurysm filling entirely from the left vertebral artery. An attempt at trapping the aneurysm, which was performed at another institution, was abandoned. Death from rebleeding occurred 4 years later. This unhappy experience in an early case indicated that an attempt at bilateral vertebral artery occlusion may have been warranted.
The high morbidity rate we encountered in vertebral artery occlusion for giant fusiform aneurysms involving only a single vertebral artery was unexpected, although in one 55-year-old man only one artery existed intracranially. There was good retrograde filling of the basilar artery but no AICAs were seen. The patient remained in a partially locked-in state after surgical reexploration for trapping was abandoned.
Brainstem ischemia also accounted for the other two poor results and for one death. A 66-year-old woman experienced modest improvement from her previous poor condition after thrombosis of the aneurysm, but succumbed to respiratory failure 15 months later. The bulbar paresis in a 44-year-old man was worsened and he developed right-arm monoparesis and respiratory dependence after the occlusion. Retrograde thrombosis occluding the PICA below the clip was demonstrated on a postoperative angiogram. The large aneurysm in a 57-year-old man was presumed to be atherosclerotic because of his hypertension and diffuse atherosclerosis. His condition remained unchanged for 12 days before he suffered a sudden cardiac arrest; coma and death followed. The aneurysm had thrombosed but there was a hemorrhagic infarct in the pontine tegmentum. The other death occurred in an 8-year-old girl who was well for 3 days after vertebral artery aneurysm occlusion even though her PICA arose from the side of the nonthrombosed aneurysm. In spite of massive thrombosis of the sac, the aneurysm ruptured. The child was resuscitated and recovered to extubation, but death occurred the following day after an unexplained cardiac arrest.
Although swelling of the aneurysm after thrombosis may cause increased brainstem compression, the persisting poor outcomes were believed to be caused by ischemia from a perforating vessel or major branch occlusion.
Both patients with giant fusiform PICA aneurysms had good or excellent outcomes; each underwent trapping and evacuation, including excision of an arteriovenous malformation in one case (Table 4) .
Giant Fusiform PCA Aneurysms
Fusiform giant posterior cerebral aneurysms were slightly more common on the P 2 segment of the artery. They have been divided into those primarily involving P It is notable that although most of these aneurysms appeared on angiography to involve the whole of P 1 , including its origin, there was usually just enough length at the P 1 origin (1 or 2 mm) on which a clip could be placed without severely stenosing or occluding the opposite P 1 . Two of the largest aneurysms had displaced the basilar bifurcation well to the opposite side so that a contralateral approach had to be used to simplify the P 1 occlusion. Tourniquet occlusion was used only once. Because all of these aneurysms underwent complete thrombotic occlusion, many thalamoperforating vessels must have been occluded too. Why just one of 10 patients developed brainstem infarction can only be explained by unseen midbrain and thalamic collateral vessels that existed naturally or developed in response to the enlarging aneurysm with mural thrombosis. That no patient developed occipital infarctions and field defects is discussed under the P 2 occlusions. Two P 1 aneurysms were trapped and evacuated to relieve disabling brainstem compression. A 36-year-old woman with complete Weber's syndrome made a good recovery after P 1 clipping softened the aneurysm so that a clip graft placed on the sac over the junction of the PCoA and P 2 could preserve their integrity and allow aspiration collapse of the aneurysm. In a 43-year-old man, the aneurysm had to be trapped and the clot evacuated so that a clip placed on the bulbous origin of P Even though a CT scan demonstrated a large, central midbrain low density, the patient's oculomotor function recovered to skew diplopia with normal cognition and memory, but persistent explosive speech and ataxia were disabling. Disaster followed an attempt to obliterate a huge distal P 1 aneurysm with plastic. In that case a 38-year-old man had refused exploratory surgery 2 years before when P 1 occlusion should have been straightforward. He returned with greater midbrain compression and a much larger aneurysm. At surgical exploration from the contralateral side, the basilar bifurcation and the right P 1 origin could not be found because they were embedded in the interpeduncular fossa. It proved not possible to detach a balloon in the P 1 segment without drift into the aneurysm. By calibrated-leak balloon, isobutyl cyanoacrylate was injected into and filled the aneurysm; however, the adhesive remained in the liquid state within the dextrose solution in the aneurysm so that on withdrawal of the balloon, there was reflux of the plastic into the upper basilar circulation causing immediate coma from brainstem and bilateral thalamic, cerebellar, occipital, and temporal infarctions.
The treatment of 16 giant fusiform P 2 aneurysms and one P 3 aneurysm was very successful with no poor outcomes, although one Grade III patient required rehabilitation for nearly a year before returning to work (Table 4) . Tourniquet occlusion was used only twice, once on P 1 and once on P 2 , after which it was learned that both P This remarkable feature was shown on postoperative angiography to be due to extensive leptomeningeal collateral circulation from MCA and ACA branches, which usually filled the isolated posterior cerebral circulation retrogradely even back to the occluded aneurysm (Fig. 3) . This collateral circulation exists similarly after occlusions proximal to giant saccular posterior cerebral aneurysm. 4 Although the only two infarctions occurred after P 2 interruptions (one clip and one trapping), the PCoA was not observed on postoperative angiography to play a major role in the success of the P 1 occlusions. An endovascular method was used in a 50-year-old man with left-sided hemiplegia and periodic breathing who was confused and drowsy at presentation. He had a 6-cm P 2 aneurysm, massively thrombosed but with a tortuous channel through it. From previous experience we realized that when P 1 and its origin are buried in the interpeduncular fossa by huge aneurysms, P 1 cannot be visualized for clipping without undue retraction of the peduncle. As detached balloon occlusion might have occluded the perforating vessels, it was decided to occlude the origin of the sac using wire coils. Fortunately, at the beginning of the channel there was a small loculus into which we could detach six platinum coils. These produced complete thrombosis of the channel so that 2 days later at craniotomy, the aneurysm was opened and nearly completely evacuated of thrombus. The patient made a dramatic recovery in the use of his left limbs.
One patient, a 55-year-old man, had his aneurysm trapped and evacuated. Afterwards he was hemiplegic with dysphasia and a field defect, but, ultimately, he made a good recovery.
Discussion
This series of patients with giant fusiform intracranial aneurysms is unique in that in only nine cases could we find a definitive cause of the aneurysm: atherosclerosis in six and a specific arterial disorder in three. The remaining patients presented at a much younger age than is usually seen in saccular aneurysms and, despite a detailed investigation, the cause of their arteriopathy remains unknown.
It is our opinion that direct repair of these large fusiform sacs using clips, fascia, or foreign material in an effort to reconstruct the arterial wall is rarely possible or feasible if it is to be complete, except when the aneurysm is small (Table 5) . 1 Treatment that could be described as less than definitive was only used in nine patients: exploratory surgery in two, a ruptured saccule clipped in two, and aneurysms wrapped in cotton, plastic mesh, or plastic in five cases. Of interest is that wrapping of four aneurysms resulted in prolonged survival of 10 to 30 years, although only one aneurysm was encased completely in mersaline and another nearly so in plastic.
The MCA could be reconstructed with parallel fenestrated clipping in two cases and two other aneurysms on branches of the MCA could be excised safely. Two were treated by endosaccular methods, one using plastic and the other using coils at the aneurysm's origin.
For the remainder, the definitive treatment was Hunterian proximal parent artery occlusion, which almost invariably results in obliterative thrombosis in the aneurysm. A few aneurysms were treated with trapping and evacuation if the mass effect had to be reduced quickly.
In the past, when using deliberate Hunterian (proximal major vessel) occlusion for aneurysms, surgeons have relied on the circle of Willis or on a surgically manufactured bypass for perfusion of the isolated artery's peripheral territory. Earlier experience with proximal occlusion for giant saccular aneurysms 4 revealed the unappreciated extent of the collateral circulation that exists in the leptomeninges, both cerebral and cerebellar (Fig. 4) , which will perfuse the occluded vessel's territory retrogradely and sufficiently. Although this often sufficed in cases of giant saccular aneurysms, proximal occlusion of fusiform aneurysms demanded for its success yet another collateral circulation to the vessels arising from the sac itself, usually perforating vessels irrigating central structures whose origins would be occluded by thrombosis of the aneurysm. This collateral circulation to the perforating arteries is generally thought not to exist. Our experience has shown that, in many fusiform aneurysms, hitherto unknown and unenvisioned collateral channels must exist to these central territories when the known occlusion of the aneurysms did not result in central infarctions. A problem exists in preoperative assessment of the adequacy of this collateral circulation in that even with temporary proximal occlusion it cannot be seen with current imaging resolution or functionally tested because of retrograde flow into the aneurysm from its peripheral branches. Its presence and extent await thrombotic occlusion of the aneurysm. Even so, having learned that the second collateral circulation does exist in most cases in which it is needed, a majority of giant fusiform aneurysms may be treated safely using parent artery occlusion and even trapping in cases in which evacuation of the mass is needed. This is especially true of fusiform aneurysms of the carotid, anterior, and posterior cerebral arteries and even the MCA, in which the greatest fear exists for the integrity of the lenticulostriate circulation to the internal capsule and basal ganglia, even though EC-IC bypass usually satisfies the peripheral middle cerebral territory.
The 25 patients with anterior circulation aneurysms had better outcomes, with only one death from rupture of a previously intact aneurysm in a patient intolerant of tourniquet occlusion of the M 1 segment in spite of a good EC-IC bypass and a severe M 1 stenosis. There were five poor results; however, two of the patients with MCA aneurysms were already hemiplegic so that the overall operative morbidity rate was only 16%. The good outcomes included five carotid bifurcation aneurysms in which the PCoA, anterior choroidal artery, and anterior thalamoperforating vessels must have been occluded and two MCA aneurysms in which the lenticulostriate arteries must also have been occluded (Table 6) .
With the exception of the 30 cases of PCA aneurysms, the results in patients with fusiform aneurysms on the basilar and vertebral arteries were less satisfying: only 67% long-term good outcomes in the 60 patients with nonatherosclerotic aneurysms. The preoperative condition of the patient undoubtedly was a factor. Whereas only two (8%) of the 25 patients with anterior circulation aneurysms were in poor condition preoperatively, 10 (17%) of 60 patients with basilar and vertebral aneurysms were in very poor condition, with mass effect or thromboembolism, and only three of these had satisfactory outcomes. Mass effect and operative manipulation are less well tolerated by the brainstem. Only one of the five patients with atherosclerotic aneurysms was in reasonable condition and only one in poor condition had a good outcome.
The regular luxuriant leptomeningeal collateral vessels to the PCA were undoubtedly the reason for the high suc- carotid artery  7  ----7  ---MCA  13  --3  2  5  1  2  -ACA  5  ----5  ---basilar bifurcation  5  1  1  --3  ---SCA  2  ----1  1  --basilar trunk  32  1  1  2  -24  4  --VB junction  10  ----8  2  --vertebral artery 14 cess rate of 90% after proximal occlusion of that vessel. Factors for poor outcome included brainstem ischemia and rupture of intact aneurysms after a craniotomy.
Although the circle of Willis collateral circulation played no role in occlusions of anterior circulation aneurysms, back-flow from one or both PCoAs was a major factor in the success of basilar and vertebral artery occlusions. Leptomeningeal collateral circulation between the PICA-AICA-SCA cortical circulations can be as extensive 4 ( Fig. 4) as that seen in the cerebral cortex where it was a vital factor in the success of ACA, PCA, and even MCA occlusions. However, its importance for basilar and vertebral artery occlusions seemed less because of the more direct PCoA collateral circulation when it was available. Even so, the leptomeningeal collateral circulation must have prevented infarction in some cases in which one or more of the three major cerebellar arteries became occluded by thrombosis in the aneurysm or isolated by clip position or trapping. Back-flow into two opened trapped VB junction aneurysms was such that in one, the orifices of the AICAs had to be plugged with muscle to achieve hemostasis and collapse of the sac; however, in the other, it necessitated the closing of the aneurysm when its source could not be found, so that the mass effect was unrelieved.
As in the case of the thalamo-and lenticulostriate vessels anteriorly, collateral vessels to the brainstem perforating vessels must exist unseen, because groups of perforating vessels from the basilar bifurcation region, along the trunk, at the VB junction, and from the vertebral arteries, many of which were visualized at operation, must have been occluded by thrombosis in these groups of fusiform aneurysms in cases in which brainstem infarction did not occur. The length of the basilar artery involved in the aneurysm was undoubtedly a factor. Of the patients whose atherosclerotic aneurysms involved the whole of the artery, only one escaped massive infarction. But as the length of the basilar artery involved by nonatherosclerotic aneurysms increased, the more likely infarction was to occur after thrombosis of the sac, although there were some remarkable exceptions. Even so, the results in this series indicate that Hunterian proximal artery occlusion is tolerated by a majority of patients with nonatherosclerotic giant fusiform intracranial aneurysms, even those located on the basilar artery.
Five operative deaths (4% of total cases) were due to rupture of a previously intact aneurysm a few hours or days after craniotomy: one on the MCA, two on the basilar trunk, one on the VB junction, and one on the vertebral artery. Only the last aneurysm had been treated definitively by vertebral artery occlusion with near-complete thrombosis except at the distal apex (of the sac) from reflux from the other vertebral artery. In the other four cases, the aneurysm was still filling: an M   1 tourniquet not yet closed, intolerance of basilar artery tourniquet occlusion, incomplete clipping of the basilar artery, and only one of planned bilateral vertebral occlusions. This tragedy has been seen before with intact giant saccular aneurysms whose treatment was incomplete after craniotomy and with smaller ruptured aneurysms during or shortly after lumbar puncture or cerebrospinal fluid drainage. We have related it to the change in transmural pressure from the craniotomy or cerebrospinal fluid release, allowing a relative increase in intraaneurysmal pressure. Completion of treatment, if possible, should follow as soon as possible to avoid this tragedy when a still intact aneurysm remains after a craniotomy.
The atherosclerotic aneurysm proves to be the most difficult to treat and usually involves the length of the basilar artery, even when good PCoAs exist. Successful thrombotic occlusion of this aneurysm results in almost inevitable massive brainstem infarction from occlusion of the AICAs and the innumerable perforating vessels arising from the basilar artery. Occlusion of only one vertebral artery should not have much effect. Bilateral vertebral artery occlusion, if it could be accomplished while maintaining chronic anticoagulation, might prevent the enlargement of, and thromboembolism from, the aneurysm, but even brief interruption of anticoagulation often results in thrombosis and infarction. Single vertebral artery occlusion with stenosis of the other, or bilateral lower cervical occlusion with reliance on more feeble basilar artery flow from reconstitution of the upper vertebral arteries from deep cervical collateral vessels, may deserve a trial. Meanwhile, management has consisted of the use of antiplatelet agents and control of hypertension.
For nonatherosclerotic aneurysms, collateral circulation to end branches is usually present from the circle of Willis and from leptomeningeal or surgically manufactured collateral vessels. The fear of central infarction must exist whenever proximal occlusion is used for fusiform aneurysms with perforating vessels arising from its length. However, its occurrence in our study, although unpredictable and untestable, was far less than anticipated. One wonders whether this central collateral circulation is natural or perhaps induced to develop further by gradual compromise from the growth of the aneurysm and mural thrombosis. Reliance on its presence, however, is a gamble for the patient that must be taken if the aneurysm is to be obliterated by thrombosis. 
INTERNAL CAROTID OCCLUSION -CLAMP
GIANT FUSIFORM CAROTID ARTERY ANEURYSMS
A 20-yr-old man w/ lt homonymous hemianopsia for 1 year. EC-IC bypass & balloon occlusion of rt ICA. Excellent outcome. 
CLIP OCCLUSION
GIANT FUSIFORM BASILAR BIFURCATION ANEURYSMS
A 63-year-old man w/ headache for 1.5 yrs, also dysarthria & confusion. Exploratory surgery only, because of concern about bilat SCA occlusion caused by basilar clip. Outcome: unchanged.
EXPLORED ONLY
A 60-yr-old woman, Grade I 17 days after one bleeding. Clipping over ruptured rt loculus & sac below P 1 origins. Well for 2.5 yrs, then suffered rebleeding. Outcome: death.
INCOMPLETE CLIPPING TOURNIQUET OCCLUSION
GIANT FUSIFORM BASILAR BIFURCATION ANEURYSMS continued
BA OCCLUSION
A 12-yr-old boy, Grade I 11 days after one bleeding, w/ X chromosome-linked lymphoproliferative disease. BA clipping resulted in extensive incomplete thrombosis. 
GIANT FUSIFORM SUPERIOR CEREBELLAR ARTERY ANEURYSMS
TRAPPED
GIANT FUSIFORM BASILAR TRUNK ANEURYSMS
A 43-yr-old man w/ headache for 1 yr. 
